provided evidence that factors of hypophyseal origin counteracted the action of estrogen on histidine ammonia-lyase . We also presented data suggesting that other hormones, such as thyroxine and growth hormone, or dietary factors might be involved in expression of the sex-difference in this en zyme activity (4).
It is not yet clear, however, whether this sex-difference is based on a difference in the structure, or in the turnover of the en zyme molecule. To approach these problems , we attempted to purify liver histidine am monia-lyase from female rat liver and suc ceeded in obtaining a pure preparation. This paper reports the purification and general characteristics of the enzyme. Studies on the immunochemical properties of histidine am monia-lyase in crude extracts of both sexes are also reported.
EXPERIMENTAL

Animals-Female
Sprague-Dawley rats , weighing approximately 200g , were obtained from the Junkei Dobutsu Jigyojo (Pure Animal Strain Supplier) of Osaka University and main tained on laboratory chow pellets (MF , from Oriental Yeast Co., Ltd., Osaka) . Male New Zealand strain rabbits, weighing approximately 1.5 kg, were purchased from Japan Rabbit Co., Osaka.
Assay of Histidine Ammonia-lyase-Histidine ammonia-lyase was assayed spectro photometrically by the method of Tabor and Mehler (5 Other chemicals used were standard commercial products.
RESULTS
Purification
of Histidine Ammonia-lyase All procedures were carried out at 0° to 4•Ž.
Step Step III. First ammonium sulfate frac tionation : Solid ammonium sulfate was added with mechanical stirring to the heat-treated extract to a final saturation of 33%. The mixture was adjusted to pH 7.4 by dropwise addition of a 10% solution of ammonium hydroxide.
After 30 min, the precipitate formed was removed by centrifugation for 20, min at 15,000>< g and the supernatant wass brought to 55% saturation with ammonium sulfate.
The mixture was again centrifuged and the precipitate was dissolved in 2 x 10-1 Mm potassium phosphate buffer, pH 7.4 (Fraction III).
Step IV. DEAE-cellulose column chroma- buffer. Figure 1 shows the elution pattern at the final step of purification. The specific activities of fractions No. 50 to No. 60 were almost the same, suggesting that the purified histidine ammonia-lyase was homogeneous. The enzyme was purified approximately 390 fold with 6% yield. An attempt to crystallize histidine ammonia-lyase at this step, using finely powdered ammonium sulfate, was unsuccessful. A summary of the purification is given in Table I .
Purity of the Purified Preparation of Histidine Ammonia-lyase-Ultracentri fugal an alyses : The Schlieren pattern of the enzyme preparation after pretreatment with 10-2M reduced glutathione exhibited a single, symmetrical peak with the sedimentation coeffi cient (S20, w value) of 11.6, as shown in Fig. 2 . Gels were run simultaneously with the samples described in the legend to Fig. 4 and then sliced into 1 mm sections . Slices were soaked in 0.5 ml of 2x10-2M potassium phosphate buffer, pH 7.4, for 15 hr . Aliquot of 0.2 ml of extracts were used for assay. (Table  IV) . It caused max- Fig. 9 . Effects of concentrations of histidine on enzyme activity.
Enzyme activity (V) is expressed as indicated in the legend to Table II. imum stimulation at a concentration of 10-2M (Fig. 10) . For full activation, the enzyme did not require the continuous presence of glutathione during incubation, but only prein cubation with it. Moreover , after activation, the activity did not decrease even on dialysis against phosphate buffer containing no gluta thione (Table IV) . 2-Mercaptoethanol also curves of competitive inhibition were observed (Data not shown), Accordingly divalent metal ions seem to associate with the site which combines with substrate. As mentioned previously, glutathione con siderably activated histidine ammonia-lyase activity, but its activating effect was lost in the presence of 5 x 10-4 M EDTA and reversed by addition of a divalent cation , such as Mn2+ (10-3M), as shown in Table VII . Together with the above findings, these results suggest that the site involving a thiol group is inti mately related with that combining with Cornell and Villie (12) reported approximately 200 fold purification and 70% purity of enzyme from rat liver.
However, no pure preparation has yet been reported.
Our enzyme preparation purified from adult female rat liver was shown to be homogeneous in three ways ; ultracentrifuga tion, electrophoresis, and immunochemical an alyses.
Cornell and Villie (12) estimated the sedimentation coefficient and the molecular weight of rat liver histidine ammonia-lyase to be 9.70 and 226,000, respectively, by zonal gradient centrifugation.
With more accurate methods, we calculated the sedimentation coefficient as 11.6 and the molecular weight as 190,000, with extrapolation to zero protein concentration.
However, the orders of the values of our preparation were similar to those of Cornell and Villie.
With histidine ammonia-lyase from Pseu domonas, Klee (17) demonstrated that the thiol group of the enzyme is important in activation as well as in conversion of the polymeric forms to the monomeric form of the enzyme.
Spolter and Baldridge (18) stated that thiol compounds did not increase histidine ammonia-lyase activity in a crude extract of rat liver.
In contrast, Kato et al. (15) demonstrated that glutathione and cys teine stimulated the enzyme activity of a partially purified preparation from guinea-pig liver.
Cornell and Villie (12) observed a similar phenomenon with partially purified enzyme from rat liver. Consistent with these findings, the thiol compound, glutathione, considerably increased the enzyme activity of our purified preparation, but had no effect on cruder preparations.
These results suggest that a thiol group is removed from the en zyme protein during purification , but that thiol compounds reversibly interact with the active center of the enzyme to reduce a disulfide bridge and so cause full activation.
Our purified preparation separated into 3
